A major inhibitor to supply chain customer value delivery is uncertainty, which yields increased total operational costs. Given transport often connects companies to their customers, effective transport operations can enable the delivery of customer value. Our aim is to establish a supply chain uncertainty model that explicitly incorporates transport operations. Our model has its origin from previous works on the logistics triad. We identify that uncertainty can potentially originate from five different sources: shipper, customer, control systems, carrier and externally. The results of this paper inform further empirical research into the area of transport uncertainty and hence logistics flexibility as a means for accommodating such uncertainty. The research also highlights the root causes of inefficiency within freight transport, which often has a causal relationship with environmental performance.
INTRODUCTION
A major inhibitor to supply chain customer value delivery is uncertainty (Davis 1993 , Mason-Jones & Towill 1998 , which yields increased total operational costs. Typically, manufacturing companies in the supply network may either aim to track the variations, hence leading to increased on-costs, or buffer themselves against such variations via the use of inventory, hence risking stock holding and obsolescence costs. Traditionally, the focus of managing uncertainty has been on manufacturing operations, with little attention paid to the causes and consequences of uncertainty within freight transport operations. Consequently, there has been little integration of transport in supply chains.
Successful managers today require a broad view of transportation management's role and responsibilities in an integrated supply chain (Stank & Goldsby 2000) . There is a need to go further, making transport more flexible and responsive to customer demand (Narus & Anderson 1996) while at the same time minimising the impact of transport costs (Morash & Clinton 1997 , Duclos et al 2003 . Given transport often connects companies to their customers, effective transport operations can enable the delivery of customer value. Hence, integration at all levels is key to improving supply chain performance (Stank & Goldsby, 2000 , Mason & Lalwani, 2004 ).
Our aim is to establish a supply chain uncertainty model that explicitly incorporates transport operations. In developing this model, reference is made to the logistics triad concept, involving a shipper, customer and logistics provider (or carrier). It has been argued that this is the minimum unit of analysis required in supply chains (Beier, 1989) .
UNCERTAINTY IN SUPPLY CHAINS
A great deal of research has been undertaken on uncertainty in supply chain management. Almost all the research on uncertainty has had a primary focus on manufacturing (Davis 1993 , Mason-Jones & Towill 1998 , Van der Vorst & Beulens 2002 , Geary et al 2002 , Peck et al 2003 . However, little research has been undertaken including transport operations as a strategic member of the supply chain and hardly any work has been developed on the impact of uncertainty on transport operations within supply chains. This part of the paper intends to define the existing gaps in the literature regarding uncertainty within the logistics triad.
According to Van der Vorst & Beulens (2002) "Supply chain uncertainty refers to decision making situations in the supply chain in which the decision maker does not know definitely what to decide as he is indistinct about the objectives; lacks information about its environment or the supply chain; lacks information processing capacity; is unable to accurately predict the impact of possible control actions on supply chain behaviour; or, lacks effective control actions". Sometimes the term uncertainty is confused with risk, so it is important to clarify how these two concepts differ.
Risk is a function of outcome and probability and it is something that can be estimated. If the probability that an event could occur is low but the outcome of that event can have a highly negative impact on the supply chain, the occurrence of that event represents a considerable risk for the chain. Uncertainty happens when decision makers cannot estimate the outcome of an event or the probability of occurrence. However, uncertainty increases the risk within supply chains, and risk is a consequence of the external and internal uncertainty that affects a supply chain.
A considerable number of authors have researched uncertainty and developed models focusing on manufacturing and considering transport as an implicit supply chain activity. As Davis (1993) stated, "there are three distinct sources of uncertainty that plague supply chains: suppliers, manufacturing, and customers. To understand fully the impact on customer service and to be able to improve performance, it is essential that each of these to be measured and addressed". Davis developed a framework initiated in Hewlett-Packard in the early 90's; he was the first author that explicitly considered uncertainty as a strategic issue for supply chain performance.
From the work of Davis (1993) , Mason-Jones & Towill (1998) developed the uncertainty circle model, defining the different sources of uncertainty that affect supply chain performance. Uncertainty is a strategic issue in supply chains, and is originated from four main sources: the supply side, the manufacturing process, the control systems, and the demand side'. They extended Davis' work adding one more source of uncertainty, the control systems. Furthermore, uncertainty initiated in the supply side and manufacturing process can be mitigated by the application of leanthinking principles, but uncertainty caused by the control systems and demand side requires understanding of the dynamics of the whole system (Mason-Jones & Towill 1998) .
Subsequently, the Uncertainty Circle model has been extended, adding more detail into it. Van der Vorst & Beulens (2002) developed a typology of supply chain uncertainty including three dimensions to each source of uncertainty namely:
• Quantity-supply quantities, customer demand for product quantity, product yield and scrap, and information availability.
• Quality-supply quality, customer demands for product specification, produced product quality and product quality after storage, and information accuracy.
• Time-supplier lead time, customer order distribution lead time, production throughput time, storing time, and information throughput time. Geary et al (2002) also extended the framework. They undertook research on the automotive industry and one of the main outcomes was an identification of the main issues associated with different types of uncertainty. They linked the causes and effects of uncertainty or supply chain disruption, such as data errors or excess variances'. In both Van der Vorst & Beulens (2002) and Geary et al (2002) , the authors have taken a manufacturing perspective in defining supply chain uncertainty, and have not considered transport as a separate strategic source. Peck et al. (2003) added a dimension of exogenous events to the uncertainty circle. This may include government regulations, terrorism, industrial action and disease outbreaks. Those external factors can have a considerable impact on transport flows, such as closure of a road because of flooding, accident, terrorist attack or other disastrous event. Furthermore, government interventions in the form of taxation or regulations can encourage businesses to change their core strategies. Their research has added value to the supply chain uncertainty literature. However, external uncertainty needs to be defined and integrated with the other four sources of uncertainty.
To sum up, many researchers have developed supply chain uncertainty models focusing mainly on manufacturing. Transport has always been considered as a marginal activity within supply chains (Stank & Goldsby, 2000) , and it has not been explicitly taken into account in those frameworks. It is necessary to determine what forms of supply chain uncertainty exist within transport operations, since it is important to define the different source of uncertainty within the logistics triad to improve the Green-Gold performance of logistics operations within supply chains. Our aim is to develop a transport uncertainty triad model taking a supply chain perspective, and determine how those different forms of uncertainty impact on transport performance.
METHOD
After defining the gaps in the literature, the logistics triad concept (Beier 1989) has been chosen as an initial point to integrate all the supply chain uncertainty literature. All the uncertainty research mentioned in the last section had been developed from a manufacturing perspective, but it needs to be considered and integrated in our logistics triad uncertainty model. Moreover, a comprehensive search of uncertainty within transport operations has been undertaken. To do so, a thorough search was conducted through the key databases, academic journals, trade magazines, and electronic journals and reports.
A series of key words combinations were selected. The starting point is the phrase 'transport uncertainty', with alternative words for each part also searched. Due to confusions between the term uncertainty and risk, the latter has also been utilised. Furthermore, flexibility is a response to uncertainty in supply chains and was therefore included as an alternative key word to find uncertainty works in a more indirect manner. Moreover, uncertainty, risk and flexibility have been combined with different key words that are similar to transport. Supply chain, transport, manufacturing, demand and external have been combined with the three alternative words used to fully search the concept of transport uncertainty. Further, key academic journal papers in the topic have been identified and the references of these specific works have been considered as well.
The literature was synthesised in a systematic way. Firstly, an Excel spreadsheet was produced to summarise all the causes of uncertainty found in the relevant papers selected in the search. Secondly, those causes were categorised into the five main sources of uncertainty of our model which we will discuss in detail later. After that, in order to internally define where uncertainty is originated, a series of clusters were developed within each of the five uncertainty sources.
TRANSPORT AND SUPPLY CHAIN UNCERTAINTY
There are different sources of uncertainty within the logistics triad. The starting point for the development of the model was the Uncertainty Circle (Mason-Jones & Towill 1998) and previous works on the logistics triad (Beier 1989 , Bask 2001 ). This has been developed from a manufacturing perspective. Therefore, we extend the model to take a transport perspective, with five sources (shipper, carrier, customer, control systems and external) (Figure 1 ). The carrier is considered as the transport process and external uncertainty is added as significant source of transport uncertainty. This highlights the fact that logistics operates as an open system and significantly interact with wider stakeholders. Uncertainty can be initiated from one source and can potentially affect a different member of the logistics triad. Shipper Uncertainty Within the logistics triad, the shipper can be a significant source of uncertainty. Uncertainty can be initiated in areas directly and indirectly related to transport. Those directly related can be categorised under the clusters of inventory management and transport, shipping and storage. Inventory and order management can create uncertainty in transport operations in different ways. Warehouse capacity can be an important constraint for transport optimization (Gomes et al 2007) . Also, poor information flow (orders, stock levels, transport feedback) between the shipper and carrier can cause excessive stock and, as a consequence, high levels of obsolescence (Christopher & Lee 2004 , Morash & Clinton 1997 , Childerhouse & Towill 2003 .
In addition, uncertainty can also be initiated in the processes of transport, shipping and storage. The distribution and transport planning of the shipper can cause uncertainty by having, for example, large and infrequent deliveries to customers (Geary et al., 2002) , while delays in the loading of products to JIT customers can jeopardise continuity of operations . In the shipping process, uncertainty can also be initiated due to variability of shipment time and total delivery time (Morash & Clinton 1997) , lack of reliability of products shipped and loss or damage of materials in the shipping operation (Morash & Clinton 1997) . Operational problems in the storage process can impact on quality and create unnecessary returns (Van der Vorst & Beulens 2002).
The areas that are indirectly related to transport have equally a high impact on performance. We propose four indirectly transport-related areas at the shipper: purchasing, marketing, manufacturing and supply chain management. From purchasing, uncertainty can be generated from inappropriate sourcing due to long lead-time and lack of visibility of global suppliers (Christopher & Lee 2004 , Beecroft et al 2003 , single sourcing under JIT strategies (Giunipero & Eltantawy 2004) , problems with supplier capacity (Cavinato 2004 , Childerhouse & Towill 2003 , Mason-Jones & Towill 1998 , Van der Vorst & Beulens 2002 , and internal inefficiencies in the supplier operation (Christopher & Lee 2004 , Geary et al 2002 , Esper & Williams 2003 . Marketing can cause unnecessary volatility in demand and higher returns than expected by having sudden changes in packaging (Beier 1989) , the promotion policy (Beier 1989 ), a lack of integration with production (Giunipero & Eltantawy 2004 , Vickery et al 1999 and incorrect product life cycle management (Childerhouse & Towill 2003 , Christopher & Lee 2004 , Vickery et al 1999 , Geary et al 2002 .
Manufacturing uncertainty impacts on transport operations by, having problems with quality control (Van der Vorst & Beulens 2002 , Childerhouse & Towill 2003 , Mason-Jones & Towill 1998 , Geary et al 2002 , ineffective manufacturing scheduling (Childerhouse & Towill 2003 , McKinnon & Ge, 2004 , Van der Vorst & Beulens 2002 , and other operational problems such as capacity technology restrictions. On the other hand, ineffective supply chain management can also produce a lot of issues within transport. Excessive dispersion and lack of flexibility (Cavinato 2004 , Beier 1989 in the supply chain infrastructure can limit transport optimisation. Insufficient planning of supply chain strategies (Childerhouse & Towill 2003) and conflicting objectives between different market segments (Christopher & Lee 2004) can lead to low level of transport performance.
Customer Uncertainty
As with shipper uncertainty, customer uncertainty can also be originated indirectly and directly in transport-related areas at the customer. The directly transport-related areas found in the literature are order and inventory management and off-loading process. Regarding order and inventory management, forecasting and ordering uncertainty can be caused because of variations in customer demand for freight transport (Boughton 2003 , lower order frequency (Mason et al 2003) , inappropriate order consolidation (Milligan 1999 ) and excessive customisation resulting in difficult and non-standard orders (Vickery et al 1999) . Also, manual demand forecasts and forward buying by retail outlets can cause uncertainty on transport demand (Van der Vorst & Beulens 2002). On the other hand, transport and inventory planning can produce uncertainty. If there is lack of visibility to the shipper of consolidation and carrier optimisation plans, the shipping process is not synchronised with transport flows (Esper & Williams 2003) . Inventory reduction programmes in isolation without bringing transport to the equation can have a negative impact on transport capacity utilisation (Mason et al 2003 , Boughton 2003 .
The off-loading process can be another source of uncertainty through excessive waiting or queuing times between the delivery appointment and off-loading (Boughton 2003 , Esper & Williams 2003 . Unsynchronised transport can cause congestion, confusion and poor delivery sequence at the customer receiving docks (Morash & Clinton 1997) . A rigid delivery window in customer off-loading facilities can cause serious operational problems in operations more likely to incur late arrivals . Also, operational problems (e.g. equipment breakdowns, insufficient labour force) at the delivery point in the customer facilities can increase the vehicle waiting time (McKinnon & Ge, 2004) .
We suggest two indirectly transport-related themes -supply chain management and DC and store management. Ineffective supply chain management can prove to be a significant source of logistics uncertainty. It can be due to poor supply chain planning at a tactical level or rigidities regarding supply chain infrastructure. According to Milligan (1999) , ineffective supply chain planning can be caused by 'lack of integration of purchasing areas within supply chains' and because 'transport is not included in total purchasing costs'. Also, insufficient communication within the logistics triad can be a considerable source of supply chain management uncertainty (Naim et al., 2006) . Likewise, supply chain infrastructure can be an important source of uncertainty at the strategic level. Supply sources that are from the lower cost economies can disrupt the supply chain due to instability in their market (Cavinato, 2004) . A lack of flexibility in the distribution network (e.g. static nodes, the same links) can cause uncertainty on transport operations within the supply chain (Naim et al 2006) . Moreover, a product in a wrong retail outlet can negatively impact on the stock levels and loss of sales (Vickery et al 1999) .
Distribution centre and store management also represents a significant area that can impact on transport performance. Uncertainty can be originated in marketing and sales through special promotions (Morash & Clinton 1997) , excessive time-to-market and costs and lost opportunities due to wrong innovation (Cavinato 2004) . Meanwhile, ineffective labelling at distribution centres can cause excessive obsolescence and loss of sales (Van der Vorst & Beulens 2002) . Operational problems of shelf capacity can be originated at stores due to store layout (Van der Vorst & Beulens 2002). These two areas are related to transport in an indirect manner, but there are other themes that have direct relationship with transport performance.
Carrier Uncertainty
Uncertainty can also be initiated directly and indirectly at the carrier. In the case of transport fleet management and infrastructure, capacity utilisation uncertainty can be produced due to empty miles between destination of inbound shipments and origin of outbound shipments (Esper & Williams 2003) . Insufficient fleet capacity can cause disruption of transport operations , delaying the delivery process to customers. In inter-modal transport operations that involve rail, the fact that rail operations entail delivery in bulk can make it difficult to achieve an acceptable level of transport capacity utilisation (Boughton 2003) . Uncertainty can also be originated because of lack of carrier flexibility in terms of time, location, item, or delivery frequency (Morash & Clinton 1997) . Rigidities in vehicle configuration (Naim et al 2006) can have a significant impact on transport capacity utilisation, since opportunities of load consolidation can be significantly limited.
Regarding the transport process, physical uncertainty can be initiated by double handling in inter-modal terminals (Corry & Kozan 2006) , transport delays due to internal reasons such as defective vehicles or lack of drivers (McKinnon & Ge 2004) . Uncertainty in the form of a lack of information about the location of trucks and drivers can lessen visibility on the customer side and delay the delivery process. Meanwhile, transport network management can be another significant source of carrier uncertainty. There can be integration and collaboration issues because of lack of communication between 3PLs (Choy et al 2007) . When hauliers integrate their transport flows in series, major delays in the process can have a much more significant impact than if hauliers integrated parallel transport flows . Other problems that can have a considerable effect on the transport network as a whole is lack of integration between transport modes and providers (Naim et al 2006) . The way that transport demand is managed can affect the flow and utilisation of the transport network. If demand for transport is not managed in a holistic and collaborative way, this can cause issues such as empty running, delivery delays, and low transport capacity utilisation (Naim et al 2006) .
Carrier uncertainty can also be originated in the scheduling and routing processes. Lack of flexibility of shipment and transport schedule (Christopher & Lee 2004) can cause operational problems at the customer facilities and delays in the delivery process. Inefficient transport scheduling can make arrival times more unpredictable, hence having a negative impact on the efficiency of hubs . Regarding routing, extra unnecessary capacity can be originated by a rigid routing plan (Christopher & Lee 2004) . Likewise, the delivery process needs extra journey time when companies have booked their loads in a port .
We propose two themes that are indirectly related to transport, human resources (HR) and finance. In the HR side, delaying travel time can have legal implications due to constraints regarding maximum working time of a driver shift allowed by law . Finance uncertainty can be caused by contract completion uncertainty and low margins (Hoffman 2006) .
Control Systems Uncertainty
Control systems uncertainty can be classified as information uncertainty, ICT systems uncertainty, and physical systems uncertainty. Information uncertainty can be produced due to lack of visibility of information regarding finished goods inventory, material inventory, WIP, pipeline inventory, actual demand and forecast, production plans, capacity, yields and order status within the supply chain (Christopher & Lee 2004 , Boughton 2003 , Christopher & Lee 2004 , Mason-Jones & Towill 1998 . This is usually a consequence of lack of systematic means of handling information (Choy et al 2007) . When the supply chain relies on global suppliers, visibility of information can be a significant issue (Mason et al 2003) . Also, information uncertainty can be originated by demand forecast inaccuracy throughout the supply chain (Mason et al 2003 , Christopher & Lee 2004 , and as an outcome to this, demand amplification increases from customer to suppliers.
Uncertainty in ICT systems management can result from rigidity in the information flow, in other words, the information is not updated while the journey happens (Corry & Kozan 2006) . There is a lack of integration when supply chain companies assess their performance (Lai et al 2004) . Adopting criteria for evaluating supply chain performance should be considered from a systems perspective and supply chain performance should rather be composed of multiple dimensions such as time, speed, agility, flexibility, quality and productivity. In some cases, inventory control systems do not allow horizontal collaboration between 3PLs (Tyan et al 2003) , so transport is not optimized in a holistic way. This can be a consequence of the fact that transport and inventory systems are not properly integrated (Mason et al 2003) , so a problem of sub-optimisation is produced. Moreover, there could be problems in the set-up and operations of key IT systems (e.g. MRP, EDI), such as safety lead times in the setups of control systems (Christopher & Lee 2004) , incorrect supplier leadtimes in MRP logic, and infrequent MRP runs (Geary et al 2002) . However, information control is not the only source of uncertainty in transport operations. Physical control systems can be another significant source of uncertainty. Poor stock auditing and poor quality control systems can equally produce confusion within the chain (Geary et al 2002) .
External Uncertainty
External uncertainty is the final set of sources uncertainty in our model. External uncertainty can be categorised as transport macroeconomics, demand unpredictability, congestion and chaotic uncertainty. Transport macroeconomics has been highlighted as a significant problem that affects transport operations; a number of authors stated that variation in fuel prices (Schulz 2002 , Boughton 2003 , Hoffman 2006 , Litman 2005 , HGV drivers shortages/availability (Boughton 2003 , Hoffman 2006 , Skills for Logistics 2005 and the possible future introduction of pollution taxes (Runhaar & Van der Heijden 2005) are the most significant macroeconomic issues that are currently affecting transport operations in the UK. Also, demand for products and transport is usually volatile and fluctuates (Mason et al 2003) and demand for reverse logistics can be even more erratic (Gomes et al 2007) .
Congestion is increasingly affecting transport operations, specifically in the form of traffic jams (Boughton 2003 , McKinnon & Ge 2004 , Van Schijndel and Dinwoodie 2000 , Golob and Regan 2001 . Preferred transport routes may not be available due to unexpected repairs .
In the longer term, uncertainty as to the impacts on freight operations due to likely direction of transport policy is compounded because policymakers are forced to use freight modeling techniques that have significant shortcomings. There is a need for more detail (vehicle types, logistics and spatial detail), and also to link transport and the economy, i.e. to extend the dimensions of freight modelling, both geographically and functionally, into the broader transport system (Tavasszy 2006) . A related issue is that there are problems with the accuracy and availability of data for freight modelling Fowkes et al, 2006; ME&P, 2002; Chatterjee & Gordon, 2005) .
Furthermore, there can be problems that cannot be predicted in any way, such as political and natural disasters (Christopher & Lee 2004 , Giunipero & Eltantawy 2004 ), which we categorise as chaotic uncertainty since they happen in a totally random and sudden manner.
DISCUSSION AND CONCLUSIONS
The research has investigated supply chain uncertainty from a transport perspective. It is conceptual and has developed definitions of different types of uncertainty. In doing so, a wide and diverse literature on uncertainty in supply chains has been synthesised, with many causes of uncertainty that affect transport being derived from this. However, the literature has not previously looked to codify this in a systematic manner, or to explicitly examine transport uncertainty within the context of manufacturing uncertainty. The findings are summarised in Figure 1 , which identifies the five main areas for transport uncertainty and also some of the main themes that emerge from the literature.
The model developed acts as a template by which organisations may develop a supply chain strategy vis-à-vis their uncertainties. By categorising uncertainty into the five types described, organisations may determine where the greatest uncertainties lie and hence develop a prioritised plan for supply chain re-engineering by initially targeting those uncertainties that result in the greatest risks. The model will also determine to what extent the uncertainties can be tackled by a single organisation alone, or in collaboration with other partners in the supply chain, the wider industry and government. Not only will this enable the performance of the transport operations to be improved, but the whole supply chain should perform better (Tracey, 2004) .
The results of this paper inform further empirical research into the area of transport uncertainty and hence logistics flexibility as a means for accommodating such uncertainty. The research also highlights the root causes of inefficiency within freight transport, which often has a causal relationship with environmental performance. Therefore, future research into improving the environmental performance of freight transport can also use the framework in this paper to evaluate improvements.
